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Abstract
Mirnual detection aucf c}laractcrization  of small geological ol)jccts  ill rmlotelysenswi imagcrycan be

a !iltle-cc)]~sll]lli]tg and irdicrus  task for Jdanetary  geologists. For cxamp]c,  in the recently  acquired  30,000
sylltllctic-aJJcrtllrc radar images from the Lfagcllaa  mission to Venus, t}lrre  are estimated to bc on tllc
order  of 105 to 106 mall volcanmsvisiblcin thedata [1]. lU this paper we describe tllcclevclo~~lllellt  of a
I)attc.rll rccogaition  systcln  wllick ailtlsto allto~llatc  tlielo}v-lr~rcl task of volcano dctcction. In particular,
wc foclls  on tke problems posed I)y the lack of absolufc  ground-truth.

‘J’hc overall pattern rccognitiom systcm  consists of focas  of attmtion via matched  filtering, feature
generation from local  regions of iutercst (1{01s) via the usc of singular-value cfccoml)osition  filters, aud
snhwqnent cliscriminatiom  of ROls  into volcano and non-volca]lo  categories via standard classification
]Ilodcls [2]. III order to prm, icfc  training data for llIe syslc  III, j~larlctary geologists fallliliar witk Venusian
volrallisnl  idcllfify  tkc likely locatio]ls  of vo]canocs  in IJarticular  trai]liug  images. ‘1’hc gcwlogists assign
to tack such caudidatc  volcano a l)rwfctcrnliacd  ICVCI of certainty, which is iu turn maplmf to a subjcc-
tivclydctcrmincd  postcvior  probability value. Quantization }Iclpsca]ibration  by a)lcllorillg  tllcslll)jccli}rc
estilllatcs to s])ecific  J)rdcfi]lcd  qualitative ca(cgorics. ‘1’ke J,ro},al>ilistic cstimatm arc mwfal i n  two re-
slwcts.  l`irstlyt llcyca Tll)cll scciclllrillgtl  lctraillirlg/cstirllatiC)ll1)roctss (ascfcscrilmlin [ 3 ] ) :  fractiorlsof
trainiag cxrmldars are assigned toeack class according to tkc sul)jcdivc probability estimate associated
with that class. Secondly, the probabilistic Cstilllatcs  can Iw dirrclly used for performance asscssmmt
of both algorithms aad  humans relative to tke rcfcrrmce  consmrsus  (WC usc collse]lslls-cl crivcd  estimates
as  our  rcfcrellcc  aad usc ill(li~idllally-dcrilccl  cstirllatcs  to calil)ratc  ilidividaal  s c i e n t i s t  ]>crforlnaucc).
l’robal)ilistic  lalmlslcad  naturally to thcnc)tion  of prdr7b2ks/ic  l/(~Ccurvcs- wc dcscrilw  their use aud
interpretation. While  cfiffcrcmt geologists operat eat different points along tkcoverall curvciu terms of
almo]ute  discrimination (corrcsI~oIldiag  to diffcrrnt  utility functiolls)t  tflcir  estimated probabilistic l{OC
pcrforlllancc is quite similar. I’hpirical  results tkus far iudicate that tkc currcwt  algorithmic systcln  is
close to the performance of geologists on high rcsoluiion  images  ia tmus of detection, but is relatively
weak in terms of its al)ility  to ])rovicfc accurate J)rol)al)ilis(ic cs(ilnatcs, WC discuss tkc strengths and
wcakrlcsses  of the current,  approack  and describe ongoing work and faturc directions of the rmcarck.
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